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ABSTRACT 
 

In this study, it was aimed to investigate Aflatoxin M1 and heavy metal pollution in raw milk samples taken from milk collection 

centers operating in Nevsehir province. As a result of the analyzes made on raw milk samples; The amount of Aflatoxin M1 

was determined in the range of 0.013-0.150 ppb, in 7 raw milk samples remained below the measurement limit. A limit of 0.05 

ppb has been determined for Aflatoxin M1 in the Turkish Food Codex and the amount of Aflatoxin M1 was determined above 

the legal limit in 15% of the raw milk samples taken. As a result of heavy metal analysis with ICP-MS in raw milk samples, 

Mg 41,96±1,88 ppm; Ca 79,83±4,30 ppm; Mn 0,0115±0,007 ppm; Fe 0,176±0,003 ppm; Ni 0,0283±0,002 ppm; Cu 

0,0181±0,003 ppm; Zn 1,56±0,005 ppm; As 0,0046±0,000 ppm; Cd 0,001549±0,002 ppm and Pb 0,00048±0,000 ppm were 

found, respectively. According to our study results, it was determined that there was no risk human health risk in terms of 

heavy metal. 
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1. INTRODUCTION 

 

Milk is a vital basic food that can meet the needs of the organism in all mammals due to the wide variety 

of nutrients it contains [1]. 

 

Milk has a very important place in human nutrition. It can threaten human health if it is not stored and 

processed under minimum technical and hygienic conditions. 

 

According to the Turkish Food Codex Contaminants Regulation; “All kinds of foreign substances, such 

as animal hair, insect fragments, which are not intentionally added to the food but are found in the food 

as a result of the production, manufacture, processing, preparation, processing, packaging, packaging, 

transportation or preservation, including the primary production stage of the food, or environmental 

contamination is defined as contaminants [2]. 

 

If an evaluation is made in terms of raw milk; Veterinary drugs, mycotoxins, pesticides, detergent 

residues used in cleaning and disinfection, and heavy metals, not naturally present in the composition 

of milk, but contaminate the milk from various sources, can be given as examples for contaminants [2]. 

 

The presence of Aflatoxin M1 in raw milk is an important element that threatens public health. Among 

animal products, aflatoxin is mostly found in milk and dairy products. There are two main reasons for 

aflatoxin contamination of milk and dairy products. The first is that Aflatoxin B1 and Aflatoxin B2, 

which are taken by lactating animals as a result of consuming feeds contaminated with molds, are 

metabolized in the animal body and passed into milk as Aflatoxin M1 and Aflatoxin M2. The second is 
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caused by the contamination of aflatoxin-synthesizing molds and the production of aflatoxins during the 

transportation, processing and storage processes after milking [3]. 

 

There is no significant change in the amount of Aflatoxin M1 during pasteurization of milk or processing 

into other dairy products, and Aflatoxin M1 passes into dairy products at various rates [4]. Due to the 

reasons stated, legal regulations have been made by the countries regarding the maximum amount of 

Aflatoxin M1 that can be found in milk and dairy products that are frequently consumed by almost all 

age groups, especially children. 

 

Rapid developments in industry and technology not only make life easier for people, but also increase 

production and consumption, disrupt natural balances, destroy resources, and pollute air, water and soil. 

All living things are adversely affected due to environmental pollution, and exposure of plants and 

animals to toxic pollutants in various ways indirectly threatens human health. Heavy metals and 

pesticides can be given as examples of these toxic pollutants that contaminate the food chain with 

environmental pollution [5]. 

 

In terms of mineral matter, milk is an important source of Ca and P; Heavy metal contamination can 

occur in raw milk from the pastures where the animal is fed, from the feed, from the water it drinks, 

from the containers used to preserve the milk [5-7]. The main elements in metallic contamination arising 

from metal containers and operating water used during technological processes or for the preservation 

of milk and its products; metals such as copper, zinc, iron, tin, lead, arsenic, cadmium [8]. 

 

In our country, milk processing facilities mainly supply raw milk to be processed from collection 

centers. Although there are scientific studies on raw milk produced on farms in our country, it is not 

sufficient and the necessary precautions cannot be taken effectively. 

 

In this study, it is aimed to evaluate the raw milk in terms of contaminants by investigating the presence 

of Aflatoxin M1 and heavy metal pollution in raw milk samples taken from milk collection centers 

operating in Nevşehir province. Our study will have a unique value with the results obtained in terms of 

the lack of available scientific data on the examination of raw milk collected in Nevşehir province in 

terms of contaminants. 

 

2. MATERIALS AND METHOD 

 

2.1. Material 

 

In this study, one approved milk collection center operating in each district of Nevşehir was determined. 

7 raw milk samples were used as material. 

 

2.2. Aflatoxin M1 Analysis 

 

A total of 28 raw milk samples were taken and analyzed for Aflatoxin M1 analysis in sterile sample 

containers in accordance with the sampling rules from the milk collection centers determined in 

quarterly periods between January and December 2021. 

 

In Aflatoxin M1 analysis; 10 ml of each sample was weighed. It was homogenized by adding 80 ml of 

35°C water. The obtained homogenates were incubated in a water bath at 35°C for 30 minutes. After 

homogenization, the samples were centrifuged at 4000 rpm for 15 minutes at room temperature and the 

dilution process was started. In the dilution process, the extract was filtered through whatman no:4 filter 

paper. After the filtration process was completed, 50 ml of the extract was taken and the adsorption 

process was started. The milk sample is passed directly through the immunoaffinity column. Mobile 

phase content Methanol / Acetonitrile / Water (2:3:5 v/v/v/) was used as the running fluid for HPLC. 
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Aflatoxin M1 mobile phase prepared in this way was kept in an ultrasonic bath for about 15 minutes. 

The samples were analyzed by reversed phase liquid chromatography (RP-HPLC) [9] 

 

2.3. Determination of Heavy Metal Analysis 

 

Between January and December 2021, a total of 28 raw milk samples were taken from the same milk 

collection centers determined in quarterly periods, and heavy metal and mineral substance analyzes were 

carried out in the Inductively Coupled Plasma-Mass Spectrometer (ICP-MS). 

 

The samples were dissolved in acidic medium by wet burning (microwave oven) method. The metal 

(Mg, Ca, Mn, Fe, Ni, Cu, Zn, As, Cd and Pb) contents of the samples were measured with the ICP-MS 

device using certain standards [10]. 

 

3. RESULTS 

 

3.1. Aflatoxin M1 Results 

 

The maximum value that can be found for Aflatoxin M1 in raw milk is specified as 0.05 ppb in the 

Turkish Food Codex Contaminants Regulation [2]. The legal limit for Aflatoxin M1 in China and the 

USA is 500 ng/L [11]. 

 

The lowest value for Aflatoxin M1 was 0.013±0.003 ppb in the Ürgüp district during July-September 

2021; the highest value was determined as 0.150±0.006 ppb in the Gulsehir district during the October-

December period. Aflatoxin M1 level was below the measurement limit of 0.0088 ppb in 25% of the 

raw milk samples taken. 

In 15% of the raw milk samples taken, the maximum value that can be found for Aflatoxin M1 in raw 

milk reported in the Turkish Food Codex Contaminants Regulation and the EU 1881/2006 commission 

regulation was found to be above 0.05 ppb [2, 12]. 

 

Aflatoxin M1 levels of analyzed raw milk samples are given in Table 1. 

 
Table 1. Aflatoxin M1 levels (ppb) 

 

 

Statistical evaluation of aflatoxin M1 analysis results was made using SPSS 15.0 package program. 

Shapiro-Wilk test was applied to determine whether the obtained findings had a normal distribution, and 

it was determined that the data did not have a normal distribution. The findings were evaluated by 

applying the Kruskal Wallis H test to examine whether the difference between the sampled districts was 

significant. When the aflatoxin M1 analysis results are evaluated, there is a statistically significant 

difference between the districts according to the 5% significance level (p<0,05). When the aflatoxin M1 

analysis results were evaluated, there was no statistically significant difference between collection times. 

Districts January-March 2021 April-June 2021 July-September 2021 October-December 2021 

     

Acıgöl ND 0,016 ND 0,030 

Avanos 0,026 0,037 0,020 0,016 

Gülşehir 0,078 0,120 0,093 0,150 

Derinkuyu ND 0,029 0,036 0,041 

Hacıbektaş ND 0,030 0,027 0,027 

Kozaklı  ND 0,036 0,043 0,025 

Ürgüp ND ND 0,013 0,034 

NOTE: ND (Not Detectable - Limit of Measurement is below 0.0088 ppb.) 
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Aflatoxin M1 concentration percentages of the analyzed raw milk samples are given in Figure 1. 

 

 
 

Figure 1. Aflatoxin M1 Concentration Percentages of Analyzed Raw Milk Samples 

 
3.2. Heavy Metal Results  

 

As a result of heavy metal and mineral substance analysis with ICP-MS; The contents of mean heavy 

metals in raw milk samples were found that 41.96±1.88 ppm for Mg; 79.83±4.30 ppm for Ca; 

0.0115±0.007 ppm for Mn; 0.176±0.003 ppm for Fe; 0.0283±0.002 ppm for Ni; 0.0181±0.003 ppm for 

Cu; 1.56±0.05 ppm for Zn; 0.0046±0.000 ppm for As; 0.001549±0.002 ppm for Cd and 0.000488±0.000 

ppm for Pb (Table 2 and 3). 

 

 
Table 2. Heavy metal levels (ppm) 

 
 

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05). 

 

0-0,02

39%

0,21-0,04

39%

0,41-0,05

7%

>0,05

15%

Legal  Limit  :  0 ,05  ppb

0-0,02 0,21-0,04 0,41-0,05 >0,05

 Mg  Ca Mn  Fe Ni 

Acıgöl 39,63±3,00b 76,28±3,70b 0,01245±0,009b 0,146±0,002b 0,040±0,004d 

Avanos 43,21±3,27b 83,79±5,50bc 0,011375±0,009b 0,202±0,009c 0,031±0,005bc 

Gülşehir 42,46±5,67b 81,70±3,46bc 0,010875±0,007b 0,163±0,009b 0,024±0,009b 

Derinkuyu 31,48±1,13a 60,37±2,73a 0,008375±0,005a 0,130±0,009a 0,021±0,007a 

Hacıbektaş 43,79±2,19b 187,20±7,5d 0,0112±0,008b 0,218±0,006d 0,027±0,003b 

Kozaklı  42,48±2,02b 79,49±4,57b 0,0114±0,009b 0,178±0,003b 0,034±0,002c 

Ürgüp 50,66±2,51c 96,01±4,08c 0,0152±0,010c 0,193±0,000c 0,023±0,005b 
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Tablo 3. Heavy metal levels (ppm) 
 

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05). 

 

Statistical evaluation of heavy metal results was made using SPSS 15.0 package program. ANOVA test 

was used for statistical comparison of the means. The statistical significance of the results obtained was 

evaluated at the level of p<0.05 and p<0.01 and expressed using different letters in the Tables 2 and 3. 

 

When the results are examined; the lowest values were determined in Derunkuyu district for Mg, Ca, 

Mn, Fe, Ni, Cu, Zn and Cd elements. The lowest value was determined in Kozaklı district for As. The 

lowest value was determined in Ürgüp district for Pb. 

 

The highest values were determined in Ürgüp district for Mg, Ca, Mn, Fe, Cu and Zn elements. The 

highest values were determined in Kozaklı district for Pb and Ni. The highest values were determined 

in Acıgöl district for As and Cd. 

 

4. DISCUSSION AND CONCLUSION 

 

In a study conducted in 40 long-life milk samples in our country; the mean amount of Aflatoxin M1 has 

been reported as 0.0029±0.000 µg/L [13]. 

 

Temamoğulları and Kanıcı determined that in Şanlıurfa with the ELISA method; In 38 raw milk samples 

and 12 UHT milk samples, the average Aflatoxin M1 amounts were determined as 56.74±40.32 ng/kg 

and 43.1±23.19 respectively.  

 

Hussain and Anwar [15] reported that in 2008, 99.4% of 168 raw milk samples exceeded EU limits for 

Aflatoxin M1 content. 

 

Almeida Picinin et al. [16] were determined, in three different climatic conditions, with the ELISA 

method, on 129 raw milk samples in Brazil; They found the mean amount of aflatoxin M1 to be 

0.0195±0.0021 µg/l. They stated that all of the samples were in compliance with the Brazilian legal limit 

(0.5 µg/L), and 18 samples (13.95%) exceeded the Codex Alimentarius and EU limits (0.05 µg/L).  

 

In the study of Fallah and his colleagues in which they examined 88 raw milk samples in Iran by TLC; 

They found the amount of aflatoxin M1 in the range of 0.013-0.394 µg/L and an average of 0.052±0.006 

µg/L [17].   

 

 Cu  Zn As  Cd Pb 

Acıgöl 0,0199±0,009c 1,52±0,421b 0,0116±0,011d 0,004465±0,007c 0,0006±0,000d 

Avanos 0,0187±0,004b 1,66±0,892bc 0,0057±0,004c 0,001525±0,001bc 0,0005±0,000c 

Gülşehir 0,0180±0,003b 1,65±0,714bc 0,0038±0,003b 0,001075±0,001b 0,0003±0,000b 

Derinkuyu 0,0134±0,009a 0,95±0,183a 0,0036±0,001b 0,0007±0,000a 0,0003±0,000b 

Hacıbektaş 0,0186±0,002b 1,88±1,621c 0,0024±0,001b 0,00135±0,001bc 0,0007±0,000d 

Kozaklı  0,0182±0,006b 1,43±0,744b 0,0018±0,001a 0,00095±0,000b 0,0004±0,000c 

Ürgüp 0,0199±0,006c 1,80±1,051c 0,0031±0,003b 0,000775±0,000ab 0,0002±0,000a 
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Li et al.; They found the average Aflatoxin M1 amount of 5650 raw milk samples collected from main 

milk producers in China during 2016 to be 36.8±43.6 ng/L. They stated that only 63 of the samples 

exceeded the EU limits [18].  

 

In a study by Duarte and his colleagues in pasteurized and UHT milk; They reported the mean amount 

of aflatoxin M1 as 23.4±24.0 ng/L [19].  

 

The findings obtained as a result of Aflatoxin M1 analyzes in this study; It was found higher than the 

findings of Almeida Picinin et al., Duarte et al.; It is similar to the study of Kabak and Özbey. [13,16,19]. 

On the other hand, the mean amount of Aflatoxin M1 was found to be lower than the findings of Fallah 

et al., Temamogullari and Kanici, Li et al., Hussain and Anwar [14-15,17-18].  

 

In the study, Aflatoxin M1 was detected in 75% of raw milk samples and 15% were not in compliance 

with the Turkish Food Codex Contaminants Regulation. It points out the importance of producing, 

transporting and storing the feed consumed by animals in suitable conditions, and raising the awareness 

of producers and consumers on these issues. 

 

Heavy metal results obtained in our study and literature data are shown in Table 4. 

 
Table 4.  Findings Obtained as a result of Heavy Metal Analysis Performed by ICP-MS in Our Study and Comparison with 

Literature Data 

 
Heavy metals (ppm) National 

Food 

Composition 

Database 

(ppm)  

[20] 

Özturan 

(ppm) 
[21] 

Özrenk 

(ppm) 

[22] 

Birghila et. 

al. (ppm) 

[23] 

 

Lindmark-

Mansson  

et. al (ppm) 

[24] 

 

Licata et.al. 

[25] 

 

Gövercin 

[26] 

İstanbulluoğlu 

[27] 

Rana et. al. 

[28] 

Çakır  

[29] 

Mg 41,96±18,88 90 107,33 45,601 214       

Ca 79,83±78,30 980 1258,48 568,104  1140      

Mn  0,0115±0,0079  0,022 0,066 0,08 LOD      

Fe 0,176±0,122 0,2 0,640 0,309 0,72 0,4      

Ni 0,0283±0,028   0,034 0,189 0,04       

Cu 0,0181±0,013  0,079 0,182 0,17 0,1 0,00198     

Zn 1,56±0,85  1,406 3,003 0,98 4,4 2,016     

As  0,0046±0,005      0,0379 <0,003 0,00068 0,156±0,009  

Cd 0,001549±0,0028    0,000004  0,00002  ≤0,00016  0,00009±0,00009 

Pb 0,000488±0,0004    0,00012  0,00132 <0,01   0,008±0,009 

 

When compared with the literature data, it was observed that the mineral substances obtained in this 

study were low. It is known that reasons such as breed, species, lactation status, seasonal conditions, 

poor and malnutrition cause mineral substance changes in milk. 

 

When the heavy metal findings were examined in the study, it was seen that, they were not at a level to 

risk to human health. 

 

Since milk is a sensitive product; should not be forgotten that pastures where animals are fed, water 

consumed by animals, various environmental and industrial pollutants, pesticides, veterinary drugs used 

in animal treatment, detergents used in cleaning and disinfection can contaminate milk. 
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Control of pollutants that may occur in milk; It is important for both human and public health and milk 

technology 
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